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Abstract Rapid urban population growth, air pollution emis-
sions, and changing patterns of disease in African cities may
increase the burden of air pollution-related morbidity and
mortality in coming decades. Yet, air monitoring is limited
across the continent and many countries lack air quality stan-
dards. This paper focuses on particulate matter (PM) pollu-
tion, one of the most relevant and widely used indicators of
urban air quality. We provide an overview of published PM
monitoring studies in Africa, outline major themes, point out
data gaps, and discuss strategies for addressing particulate air
pollution in rapidly growing African cities. Our review reveals
that, although few studies have reported annual mean levels of
coarse and fine particles, collective evidence from short- and
long-term air monitoring studies across urban Africa demon-
strates that pollution levels often exceed international guide-
lines. Furthermore, pollution levels may be rising as a result of
increased motor vehicle traffic building on already high back-
ground concentrations of PM in many locations due to
climatic and geographic conditions. Biomass burning and
industrial activities, often located in cities, further exacerbate
levels of PM. Despite the health risks this situation presents,
air quality programs, particularly in sub-Saharan Africa, have
been stalled or discontinued in recent years. Implementation
of systematic PM data collection would enable air pollution-
related health impact assessments, the development of strate-
gies to reduce the air pollution health burden, and facilitate
urban planning and transportation policy as it relates to air
quality and health.
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Introduction
Africa currently has the fastest growing population in the
world, projected to more than double between 2010 and
2050, surpassing two billion (UN 2011). By 2050, nearly
60 % of the population of Africa is predicted to be living in
cities, compared to less than 40 % in 2011 (UN 2012).
Urbanization, coupled with increased industrialization, grow-
ing ownership of motor vehicles, and continued use of biomass
as domestic energy source, may lead to substantial worsening
of air quality across the continent. Urbanization is also a
powerful driver of the global demographic and epidemiologic
transition, characterized by declining birth rates, increasing life
expectancy, and a shift from traditional threats such as infec-
tious diseases and malnutrition to chronic, noncommunicable
diseases like heart disease and diabetes (Omran 1971).
Developing countries are increasingly experiencing a dou-
ble burden of infectious and chronic diseases (Boutayeb 2006).
This burden stems in part from living conditions in urban
slums, with their poor environmental conditions and infrastruc-
ture as well as lack of access to health services (Sclar et al.
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2005; Zulu et al. 2011). Populations in slums sometimes have
poorer health outcomes than their rural counterparts (Fotso
2007; Kyobutungi et al. 2008; Volavka-Close and Sclar
2010). They are also often exposed to both indoor and outdoor
air pollution (Bailis et al. 2005; Barnes et al. 2005). Findings
from a recent study in Accra, Ghana, indicate higher levels of
air pollution in low socioeconomic status communities
(Dionisio et al. 2010a). Although infectious diseases still ac-
count for the majority of deaths in African counties, they will
also face the largest increases worldwide in death rates from
cardiovascular disease, cancer, respiratory disease, and diabe-
tes, according to World Health Organization (WHO) projec-
tions (de-Graft Aikins et al. 2010). Exposure to urban air
pollution can lead to or exacerbate these conditions (Pope and
Dockery 2006; Pearson et al. 2010).
Particulate matter (PM) pollution is the most health-
relevant indicator of urban air quality (Cohen et al. 2005)
and is widely used in setting air quality guidelines world-
wide. Although particle characteristics such as composition
and origin may affect health impacts, particulate matter is
usually classified and studied according to particle size. The
earliest regulatory guidelines with regard to particulate mat-
ter pollution were set for total suspended particulate (TSP),
including particles of all sizes typically between 1 and
100 μm in aerodynamic diameter. As scientific evidence
about the health impacts of finer particles emerged, regula-
tory attention has subsequently focused on inhalable parti-
cles with diameters less than 10 μm (PM10), “fine” particles
with diameter less than 2.5 μm (PM2.5), and lately on
“ultrafine” particles with diameter of 0.1 μm or less.
Particulate matter with other sizes, for example with diame-
ter less than 1 μm (PM1) is also reported, albeit less fre-
quently. Smaller particles tend to deposit more in the lungs,
where they can penetrate tissue or be absorbed directly into
bloodstream.
A substantial body of evidence from both developed and
developing countries has established that particulate matter
causes a wide range of short- and long-term adverse health
effects. Two large prospective cohort studies, the Harvard
Six Cities Study (Dockery et al. 1993) and the American
Cancer Society (ACS) Study (Pope et al. 1995), provide the
foundation for current US and WHO particulate pollution
standards or guidelines. Both studies reported a robust asso-
ciation between long-term exposure to PM2.5 and adult pre-
mature mortality from all causes as well as cardiopulmonary
diseases. The overall findings were confirmed in subsequent
reanalysis of the data (Krewski et al. 2004; HEI 2000). The
latest results from the ACS study that were prospectively
followed for 26 years between 1982 and 2008 also demon-
strated an increase in lung cancer mortality (Turner et al.
2011). Short-term exposure to PM2.5 was also found to result
in increased risk for cardiovascular and respiratory hospital
admissions (Dominici et al. 2006).
The latest air quality guidelines set by the WHO for mean
annual exposures to PM2.5 and PM10 are 10 and 20 μg/m
3,
respectively. Twenty-four-hour mean values for PM2.5 and
PM10 are 25 and 50 μg/m
3, respectively (WHO 2006). WHO
also sets interim targets that countries are encouraged to
gradually achieve through enforcing stringent air quality
control practices. Since such guidelines are not established
in many African countries, the WHO guidelines provide a
useful point of reference in analyzing the evidence for par-
ticulate matter pollution in the continent.
In this paper, we first review PM air monitoring studies in
Africa in order to assess how reported data compare to
international air quality guidelines. We restricted this review
to studies published in peer-reviewed journals. We outline
major themes, identify monitoring needs, and suggest ways
to address these needs in future studies. We conclude with
the evidence of PM pollution in Africa in the context of
international air quality guidelines and a discussion of pos-
sible strategies for addressing current and future challenges.
Literature review methods
Literature searches were performed in English in the
PubMed, Medline-OVID, SciVerse Scopus, and ISI Web of
Knowledge databases. Search keywords included particulate
matter, PM, PM2.5, PM10, TSP, particulates, air pollution,
outdoor air, air monitoring, and Africa, as well as the names
of the African regions and each individual African country.
All retrieved publications were imported to RefWorks,
where duplicates were eliminated. Relevant publications
were manually selected from the resulting list. Since some
studies may have not been electronically indexed, additional
references were also identified from the bibliographies of all
selected publications. The selection was restricted to the
following: (1) published in peer-reviewed English or
French language journals; (2) articles containing PM2.5,
PM10, or TSP monitoring data; and (3) primary articles, as
well as secondary or review articles that present or refer to
identifiable PM monitoring data. If not available in a better
format, presented data were downloaded from charts.
Articles in which methodology or data reporting were am-
biguous were excluded from the selection.
Context and sources of PM pollution in Africa
The African continent encompasses diverse climatic regions.
Northern Africa has an arid climate dominated by the Sahara,
the largest desert in the world. The Sahel, a semiarid transi-
tional area below the Sahara, separates the desert from the
savanna and tropical rainforest regions that span across
Middle, Eastern, and Western Africa. The annual cyclical
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movement of the Intertropical Convergence Zone around the
equator, where northern and southern winds converge, af-
fects rainfall in tropical and subtropical regions (Giannini
et al. 2008). As a result, many African countries have pro-
nounced dry and wet seasons.
Africa’s diverse climate exerts a strong influence on PM
levels. For example, in countries that experience wet and dry
seasons, there is a pronounced seasonal fluctuation in partic-
ulate matter levels, with higher levels during the dry season.
North Africa is one of the world’s major dust-emitting re-
gions (Engelstaedtera et al. 2006) leading to high back-
ground levels (Safar and Labib 2010). Studies reported soil
dust as the main source of the PM2.5 particles collected in
Ouagadougu, Burkina Faso (Boman et al. 2009), as well as
in coarse particles collected in Serowe (traditional village),
Selibe-Phikwe (small mining town) and Francistown (the
second largest city in the country), all in eastern Botswana
(Chimidza and Moloi 2000). A comparative study across
Ouagadougu, Gaborone (Botswana), and Dar es Salaam
(Tanzania) that explored the intra-urban variation of TSP,
PM10, and PM2.5 also concluded that soil particles were a
major component in the particulate matter samples (Eliasson
et al. 2009).
Particulate matter pollution on the continent is also
influenced by the interplay of climatic and geographic fac-
tors with human activities. Sinha and colleagues character-
ized the horizontal distribution of particulate matter in sa-
vannah and desert regions in South Africa, Botswana,
Mozambique, Zambia, and Namibia1 during the 2000 dry
biomass burning season in the context of the SAFARI 2000
Southern African Regional Science Initiative (Sinha et al.
2003). Particulate matter was collected on Teflon filters from
the UW Convair-580 research aircraft. Average total particle
mass across all regions during the study period ranged from
20 to 30 μg/m3. Study regions were selected mostly away
from industrial activities and thus are representative of the
impact of savanna fires and domestic biomass burning
(Sinha et al. 2003).
Very few long-term studies have been conducted at back-
ground sites, far removed from urban areas. A 5.5-year
monitoring study of aerosol chemical composition and con-
tributing sources took place at the Rukomechi research sta-
tion, located in a national park in northern Zimbabwe
(Nyanganyuraa et al. 2007). The median concentrations of
fine (defined as less than 2 μm) and coarse (defined as
between 2 and 10 μm) particles were 7.4 and 8.8 μg/m3,
respectively. PM levels were substantially higher during the
dry season and source contributions varied across seasons.
Biomass burning accounted for 44 and 79 % of the fine PM
fraction during the wet and dry seasons, respectively. Other
major sources included mineral dust, sea salt, and biogenic
sources.
Laakso and colleagues reported annual median concen-
trations of PM1, PM2.5, and PM10 of 9, 10.5, and 18.8 μg/m
3,
respectively, at a clean dry savanna background site in South
Africa (Laakso et al. 2008). The seasonal variability in all
fractions was less pronounced.
Summary of urban PM monitoring studies
Air monitoring is of critical importance for characterizing
health risks, formulating cost-effective abatement strategies,
setting and enforcing appropriate air quality standards and
for healthy urban planning. Unfortunately, few African cities
have air monitoring systems in place and most lack any air
quality monitoring capabilities (Schwela 2006). The data
that do exist are not always publicly available and/or strate-
gically communicated, which limits public knowledge as
well as effective policy making. Thus, the challenge is mul-
tifaceted. Even in the presence of air quality standards in
many African countries, the lack of air monitoring data
blocks enforcement. According to a World Bank report, only
5 out of 27 sub-Saharan African countries studied, Ethiopia,
Ghana, Madagascar, Tanzania, and Zimbabwe, were moni-
toring PM10 or TSP as of 2006 (Schwela 2006). Monitoring
may have been discontinued in some of these countries since
then. For example, in a recently published database of out-
door air pollution in cities around the world (WHO 2013),
the WHO identified nine sub-Saharan African countries in
which particulate matter was monitored (Algeria, Botswana,
Ghana, Madagascar, Mauritius, Nigeria, Senegal, South
Africa, and Tanzania). Ethiopia and Zimbabwe which were
mentioned in theWorld Bank report were not included in this
database. Also, monitoring in at least four of the sub-Saharan
African countries identified byWHOwas taking place for less
than 12months/year. Routine air monitoring is also carried out
in Egypt and Tunisia. The governments of a total of seven
countries (Algeria, Botswana, Egypt, Madagascar, Mauritius,
Senegal, South Africa, and Tunisia) have published reports of
PM monitoring data (WHO 2013), not all of which were
easily accessible. In recent years, some air quality programs
and initiatives have been phased out in sub-Saharan Africa.
For example, the Regional Air Pollution in Developing
Countries and Air Pollution Information Network for Africa,
both funded by the Swedish International Development
Cooperation Agency, were discontinued in 2009 (Schwela
D., personal communication on 24 May 2011).
PM monitoring studies were found for countries highlight-
ed by UN subregion on the map below (Fig. 1). Studies were
identified for four countries (Egypt, Algeria, Tunisia, and
1 Paper uses a different classification and refers to all studied regions as
“southern Africa”; according to the UN classification employed for this
study, two of the countries (Mozambique and Zambia) are located in
Eastern Africa.
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Morocco) in Northern Africa, four countries (Ethiopia,
Zimbabwe, Tanzania, and Kenya) in Eastern Africa, three
countries (Ghana, Burkina Faso, and Nigeria) in Western
Africa, and one (South Africa) in Southern Africa. We were
unable to locate studies conducted in any of the countries in
Middle Africa.
Since we aimed to access how the reported values com-
pare to WHO guidelines for PM10 and PM2.5, data are
summarized by particle size and sample duration (annual,
24 h, or less than 24 h) in Figs. 2 and 3. Sample durations of
less than 24 h were grouped together because exceedance of
the 24-h limit for any duration could be associated with
health risks.
Northern Africa
Reported mean PM levels in Northern Africa exceeded an-
nual and 24-h WHO guidelines. PM levels in Cairo, Egypt,
where guidelines were exceeded several fold, were particu-
larly worrisome.
Egypt is the second most affluent country on the conti-
nent, after South Africa. Egypt’s capital, Cairo, is one of the
two megacities on the continent and the largest city in Africa
and the Middle East. Cairo is surrounded by desert regions
and sand storms are frequent in spring and fall (Robaa 2003).
The climate of the city is characterized by cold and rainy
winter months and hot and dry summers. Large numbers of
vehicles, as well as a substantial concentration of industrial
facilities, contribute to high levels of PM. Two PM monitor-
ing networks have been established by the Egyptian envi-
ronmental affairs agency in Cairo as a part of the Cairo Air
Improvement Project with the support of the United States
Agency for International Development (Safar and Labib
2010). Despite a downward trend, Safar and Labib reported
that annual PM10 levels remain very high, in excess of
150 μg/m3 at industrial, traffic, and some residential sites





Fig. 1 African countries
(colored) by UN subregion for
which PM monitoring studies
were identified and included in
this publication. A list of all
studies is provided in the
Supplementary Table
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reported annual PM2.5 and PM10 levels of 85±12 and
170±25 μg/m3, respectively, at 17 representative sites be-
tween 2001 and 2002.
Finally, Abu-Allaban et al. (2007) collected 24-h PM10
samples at six sampling sites during monitoring campaigns in
the winter and fall of 1999 and the summer of 2002. Sites were
selected to represent mobile source, industrial, residential, and
background exposures. Mean PM10 levels ranged from
93.0±4.8 μg/m3 at a background site to 360.3±19.2 μg/m3 at
an industrial/residential site.
Overall, these studies demonstrated high levels of PM pollu-
tion in Cairo, Egypt. In addition to industrial andmobile sources,
open waste burning contributed substantially to particulate mat-
ter pollution levels, particularly during the winter months.
Aoudia and Boukadoum (2005) reported data from an
automated air quality monitoring network that was
established in Algiers, the capital of Algeria, in 2002.
Mean PM10 levels between 2002 and 2003 across the four
monitoring stations ranged from approximately 38 to
129 μg/m3. The authors noted that pollution levels began
rising around 7–8 am, peaked around noon, and stabilized
after 5 pm. The paper concluded that while other pollutants
such as SO2 and NOx were below levels of concern, PM10
exceeded EU levels across Algiers. In a study evaluating the
Fig. 2 PM2.5 levels in African
cities as reported in various
studies. Green bars represent
upper and lower range of
means, if reported. Points
represent overall mean with
horizontal lines depicting
standard deviation, if reported.
Red vertical lines illustrate
current WHO guidelines
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health effects of PM10 in Algiers, PM10 was measured at a
ground station at the Centre Hospitalo-UniversitaireMustapha
at Sidi-M’hamed for 1 year between 2001 and 2002. Average
daily PM10 was 61 μg/m
3 and was substantially higher during
the winter compared to the summer, with daily averages of 74
and 48 μg/m3, respectively (Laid et al. 2006).
Ali-Khodja et al. (2008) measured TSP and particle de-
position fluxes in the town of Didouche Mourad, Algeria.
Fig. 3 Studies reporting PM10 data in African cities. Green bars
represent upper and lower range of means, if reported. Yellow bars
represent upper and lower measured value, if reported. Points represent
overall mean with horizontal lines depicting standard deviation, if
reported. Red vertical lines illustrate current WHO guidelines
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Didouche Mourad is a located in the Constantine Province
with a population of little over 30,000, in the vicinity of a
cement plant. Mean TSP level was 300 or 117 μg/m3 if days
with sand storms were excluded.
In Sfax, Tunisia, a 24-h mean PM10 of 66 μg/m
3 was
measured across the wet and dry season between
October1996 and June 1997 (Gargouri et al. 2006). Sfax is a
city in the south east of Tunisia with a semiarid Mediterranean
climate, hot and dry in the summer and cold and wet in the
winter (Azri et al. 2007). PM10 was monitored along with
other pollutants at an urban station located in the vicinity of
high traffic roads.
A monitoring campaign in Kenitra, Morocco, a coastal
town with a population of around 400,000 people, reported a
mean PM10 of 81 μg/m
3 at a traffic site between June and
September of 2007 (Zghaid et al. 2009). PM10 levels rose
from early June to until mid-July, stabilized in mid-July to
August, and declined in September. Traffic, soil dust, and
particle re-suspension were identified as major sources of
particulate pollution.
Western Africa
In Western Africa, reported mean PM levels were also found
to exceed the annual and 24-h WHO guidelines. PM levels
were particularly high in Nigeria, although very high levels
were also recorded in Burkina Faso, as well as among pop-
ulations of lower socioeconomic status in Ghana.
Lagos, Nigeria, is Africa’s second megacity with a popu-
lation of over 20 million according to the Lagos State
Department. The city has a tropical climate characterized
by alternating wet and dry seasons. Air pollution in Lagos
due to high traffic density and other anthropogenic factors
has been of concern since the early 1990s when an air
monitoring station was set up as a part of a joint project
between Nigeria, Germany, and the UK (Baumbach et al.
1995). Baumbach and colleagues reported that air pollution
in the city was most severe in high traffic areas. In addition,
on days with Harmattan winds, daily TSP levels have been
documented to increase up to tenfold to approximately
800 μg/m3. As a part of a health impact assessment study,
Adeleke et al. performed 5 months of integrated sampling
and reported extremely high levels up to 272.8, 617.4, and
1171.7 μg/m3 for PM2.5, PM10, and TSP, respectively
(Adeleke et al. 2011). In comparison, mean annual PM10
levels of 126.5 μg/m3 were reported in the Warri Metropolis,
Nigeria (Efe and Efe 2008). TSP levels were also measured
in Benin City, another city with a tropical climate. Air quality
monitoring was carried out with two different particulate
matter samplers provided by the USA and the UK with
assistance from the World Bank in 2004. Mean TSP levels
measured at various sites using a gravimetric and light
scattering method were 123.5 to 55.6 and 240 to 600 μg/m3,
respectively (Ukpebor et al. 2006).
Linden et al. (2012) recently carried out field studies to
analyze the spatial and temporal variability of air pollution
and climate in Ouagadougou, Burkina Faso, focusing on the
relationship between atmospheric stability and pollutant
levels. PM10 and PM1 levels were substantially higher during
highly stable compared to moderately stable atmospheric
conditions across selected locations with various land cover,
land use, and traffic density. For instance, average urban
PM10 was 162 μg/m
3 during extremely stable conditions
compared to 69 μg/m3 during moderately stable conditions.
In an earlier study, Boman et al. (2009) reported an average
PM2.5 of 86 μg/m
3 in 2007 in Ouagadougou and observed
higher PM levels during periods of high atmospheric stabil-
ity when pollutant dispersion was minimal.
In the most extensive scientific study to date examining
urban air quality in Africa, Dionisio and colleagues carried
out particulate matter monitoring in Accra, Ghana, to exam-
ine the within-neighborhood spatial variability of PM con-
centrations in communities of varying socioeconomic status
(Dionisio et al. 2010a, b). Mean annual particulate matter
values across all traffic and residential sides, excluding days
with the strongest Harmattan winds, ranged between 30 and
70 μg/m3 for PM2.5 and between 57 and 108 μg/m
3 for
PM10. PM variability was greater across neighborhoods than
across traffic sites and the highest PM level was observed in
a densely populated low-income neighborhood. Biomass
fuel use, emissions from traffic, and re-suspension from
unpaved roads were identified as key determinants in the
observed variability (Dionisio et al. 2010a).
Eastern Africa
Among the countries in Eastern Africa for which studies
were identified, the highest PM levels were reported in
Kenya. Tanzania was the country with lowest recorded mean
PM levels that were below or only slightly exceeding the 24-
h PM2.5 and PM10 guidelines, respectively.
Gatebe et al. (1996) carried out TSPmeasurements inNairobi,
Kenya, at the Meteorological Department Headquarters located
in a suburban area 5 km north of the city center. They reported
TSP ranging between 30 and 80 μg/m3 between December 1993
and October 1994. Subsequently, Odhiambo et al. (2010) col-
lected PM10 samples at a busy highway site in Nairobi. Mean
PM10 was 239 μg/m
3, measured once a week for 8 h during a 3-
month period in 2003. More recently, Kinney et al. (2011)
reported mean 11-h average (0730–1830 hours) PM2.5 concen-
trations between 58.1 and 98.1 μg/m3 at four traffic sites in July
2009. In this study, PM levels were measured using portable
filter-based air samplers. Horizontal and vertical dispersion data
showed rapid decrease in PM2.5 concentrations with increasing
distance from the roadways, providing evidence for the traffic
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emissions as the primary source. The study also reported a 24-h
mean PM2.5 urban background value of 34 μg/m
3 from the roof
of a building at the University of Nairobi, provided by Johan
Boman from Gothenburg University.
A pilot air pollution monitoring study was carried out in
Addis Ababa, Ethiopia, during the dry season of 2004 to
obtain a snapshot of local air quality (Etyemezian et al.
2005). Twenty-four-hour PM10 concentrations ranged from
35 to 97 μg/m3 across 12 sampling sites around the city.
Several PM monitoring studies have been carried out in
Tanzania. Hourly average TSP concentrations at 11 different
traffic sites in Dar es Salaam ranged from 98 to 1161 μg/m3
in 2002 (Jackson 2005). Samples were collected for 1 h using
manual air samplers. The study also reported that higher TSP
levels were associated with increased traffic flow rates.
Jonsson et al. (2004) performed field campaigns during
the rainy and dry seasons in Dar es Salaam, Tanzania, to
determine the seasonal influence on the relationship between
urban climate and air pollution. The article reported 12-h TSP
mean levels of 40 μg/m3 at urban and 20 μg/m3 at rural sites,
respectively. Similarly to the studies in Burkina Faso discussed
previously (Boman et al. 2009), higher levels of air pollution
were observed during stable atmospheric conditions.
Mkoma and colleagues carried out several PM campaigns
in Tanzania (Mkoma et al. 2009, 2010). They reported PM10
24-h values of 76 and 52 μg/m3 and PM2.5 24-h values of 26
and 19 μg/m3 for the 2005 dry and 2006 wet seasons,
respectively.
Domestic use of biomass, which is the major energy
source for cooking in Tanzania (Kilabuko et al. 2007) has
substantial impact on outdoor PM levels. In a study of the
association between exposure to biomass fuel smoke and
acute respiratory infections in the Bagamoyo district in
Tanzania, Kilabuko and colleagues recorded mean outdoor
PM10 levels of 40.1 μg/m
3 which increased to 428.6 μg/m3
during periods of cooking (Kilabuko and Nakai 2007).
Finally, Kuvarega and Taru (2008) reported TSP, PM10,
and PM2.5 levels of 106, 60, and 41 μg/m
3 in Harare,
Zimbabwe. Sampling took place at a school site between
July and December of 2002.
Southern Africa
South Africa has an operating PM monitoring network, in-
cludingmonitoring stations for PM2.5 and PM10 in Cape Town
and Johannesburg. To date, however, data have only been
published in governmental reports which were beyond the
scope of this article. A PM10 and PM2.5 particulate monitoring
campaign was carried out in winter of 1997 in Qalabotjha,
South Africa, to evaluate potential air quality improvement in
residential areas resulting from switching from D-grade do-
mestic coal to low-smoke fuels (Engelbrecht et al. 2001). The
study found a reduction in PM levels in the course of phasing
on of the low-smoke fuels. Overall, 24-h urban concentrations
for PM2.5 were between 71 to 93μg/m
3 and for PM10 between
77 and 112 μg/m3 over a 30-day period. More recently,
Worobiec et al. (2011) reported 24-h average PM2.5 of
65 μg/m3 in Bethlehem, South Africa, and concluded that
PM1 particles were the major contributor to PM20 during
evening biomass burning. Elemental analysis of PM2.5 col-
lected in Skukuza, South Africa, as a part of the SAFARI 2000
dry season campaign also identified biomass burning as the
major contributor (Maenhaut et al. 2002).
Discussion
Routine PM monitoring does not exist in most African cities
and only a few studies have reported annual mean levels of
PM10 and PM2.5. In most of the studies we found, monitoring
campaigns were carried out for less than a year and often for
various durations of less than 24 h per day. In addition, diverse
air monitoring methods were employed, making comparison
of the data across studies challenging. Nonetheless, since our
major objective was to access how the various reported values
compare to WHO guidelines for particulate matter, the data
we were able to identify are sufficient to provide a snapshot of
urban PM pollution across the continent.
The influence that Africa’s diverse climate exerts on par-
ticulate air pollution and the pronounced seasonal fluctua-
tions in PM pollution in many African countries should be
considered in developing strategies for air pollution control
on the continent. A better understanding of the interplay of
climatic and geographic factors with human activities would
also be especially valuable. In particular, more systematic
information of PM sources, which tend to be different in
African cities compared to, for example, American or
European cities, would greatly facilitate the development of
pollution mitigation strategies. For example, re-suspended
road dust from unpaved roads is one of the main PM sources,
especially in urban areas (Arku et al. 2008; Boman et al.
2009; Dionisio et al. 2010a; Eliasson et al. 2009; Etyemezian
et al. 2005; Lindén et al. 2012; Zghaid et al. 2009).
The major anthropogenic air pollution sources in African
cities include emissions from waste and biomass burning for
household and commercial needs, industrial activities, and
emissions from vehicles as well as suspension from unpaved
roads. Vehicle ownership is rapidly increasing in many
African countries and is of particular concern for air quality
in urban areas. Many of the newly imported vehicles are old
and poorly maintained due to lacking or difficult to enforce
regulatory standards (Lagarde 2007). Additionally, many
cities are growing without accompanying transportation in-
frastructure and services, leading to transportation systems
characterized by severe traffic congestion, lack of accessible
public transport options, as well as bike and pedestrian lanes
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(Republic of Kenya 2004; Aligula et al. 2005). The current
trend of massive road expansion may be welcomed, but at
the same time it seems to primarily be opening up space for
more cars on bigger roads, and without appropriate transport
policies, these roads are likely to quickly become congested
again (Kinney et al. 2011; Klopp 2012).
Transportation and land use planning play key roles in
determining urban population health outcomes (Woodcock
et al. 2009). Given the WHO projections that Africa will face
an increasing burden from cardiovascular disease and diabe-
tes (De-Graft Aikins et al. 2010), improvements in urban air
quality represent an important public health priority. A study
which estimated the health effects of alternative urban land
transport scenarios for London, UK, and Delhi, India, found
that active transport options can yield large health gains
(Woodcock et al. 2009).
Further, while adverse health effects of PM have been
well established in studies in developed countries, the issue
has not received appropriate consideration in many African
countries, where air quality programs have often been stalled
or discontinued in recent years. Given projections that the
majority of global population growth between now and 2050
will be concentrated in cities (Africa’s urban population is
projected to increase from 414 million to 1.265 billion be-
tween 2011 and 2050) (UN 2012), the lack of outdoor urban
air quality data is particularly worrisome.
The findings from the recent study in Accra, Ghana,
that indicate higher levels of air pollution in low socio-
economic status communities are consistent with those in
developed countries (Dionisio et al. 2010b) and outline an
important research gap. Further examination of the differ-
ences in PM pollution by socioeconomic status, particu-
larly in countries with a high degree of socioeconomic
segregation, would provide important insights about social
and environmental determinants of health and well-being
on the continent.
Fig. 4 Satellite-derived estimates of average PM2.5 concentrations between 2001 and 2006 (locations with less than 50 satellite measurements
indicated in white) on the African continent. Source Van Donkelaar et al. 2010
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PM concentration estimates from satellite-based aerosol
observations that have recently become available may be
particularly helpful in assessing outdoor air pollution in
Africa. Van Donkelaar et al. (2010) estimated global
ground-level PM2.5 concentrations on a 10×10-km grid for
the period 2001–2006 using aerosol optical depth observa-
tions from NASA satellite instruments together with model-
derived aerosol vertical distribution. This is a very useful
new resource for evaluating PM pollution in regions where
little or no monitoring data exist. Estimated long-term aver-
age PM2.5 levels were below 25 μg/m
3 in most parts of
Africa but were substantially higher in Northern Africa
where concentrations of over 50 μg/m3 were estimated in
many locations, presumably due to the influence of desert
dust (Fig. 4). Although the spatial resolution of these data
remains rather low for assessing urban air quality, it certainly
holds promise as a supplement to ground measurements and
in guiding future monitoring studies. Brauer et al. (2012)
have recently utilized the methodology of van Donkelaar and
colleagues in deriving the PM estimates that are being used
in assessing the global burden of diseases attributable to
outdoor air pollution (Brauer et al. 2012).
Conclusion and recommendations
We provided an overview of PM air monitoring studies in
Africa in order to assess how reported data compare to
international air quality guidelines. Our review identified
few examples of long-term, systematic monitoring of PM
in African cities. Although monitoring methods and dura-
tions often do not enable direct comparisons with interna-
tional guidelines, available data suggest that PM10 and PM2.5
levels exceeded, in many cases by several times, the WHO
annual guidelines. The bulk of available data derives from
short-term studies, which report PM levels that also exceed
substantially the 24-h air quality guidelines in almost all
instances.
There are insufficient data to track long-term temporal
trends in PM levels. Our review highlights a need for
further attention to assessing trends especially given the
increasing motor vehicle traffic in recent years. PM10
levels in Africa are already substantially higher than
levels in Europe and the Americas and are exceeded
only in Southeast Asia, the Eastern Mediterranean2, and
in low- and middle-income countries in the Western
Pacific (WHO 2013).
In the process of this literature review, we identified
publications in local African journals that were not well
indexed and thus difficult to access by the international
research community. Governmental monitoring data were
also rarely accessible online. Building an air quality infor-
mation system for publishing and sharing of monitoring data
across academic and governmental and other institutions
would greatly facilitate the characterization of particulate
matter pollution on the continent as well as the planning
and implementation of future studies. A publicly available
information system would enable the assessment of the
health impacts of outdoor air pollution on rapidly growing
African urban populations, the development of appropriate
interventions to reduce the air quality-related health burden,
as well as influence urban planning and policy decisions
which impact air quality.
Many of the studies reviewed here were carried out via
international collaborations. Further development of such
collaborations, together with technology transfer to African
institutions, may be highly effective for establishing sustain-
able air monitoring practices across the continent in the long
run. Setting up and operating air monitoring networks is
costly and logistically challenging, and thus will take time
to become established. In the meantime, shorter term air
monitoring studies will continue to be useful in the assess-
ment of air pollution levels and associated health effects. To
maximize their effectiveness, studies should employ consis-
tent, standardized methods and reporting criteria. Meeting
these conditions would help to build a high quality network
of PM monitoring data in African cities, which, along with
further data from satellite-based aerosol observations, could
go a long way towards filling data gaps. Doing so will
generate local air quality and health findings of direct value
in policy development.
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